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PREFACE

This report presents a preliminary design and Critical Item
Development Specification (CIDS) for an External Cargo
Handling System (ECHS), suitable for snubbing containerized
loads against the CH-47D airframe in order to substantially
improve terrain and Night/IMC flight capability of this
helicopter.

The work was sponsored by The Applied Technology Laboratory,
U.S. Army Research and Technology Laboratories (AVRAD COM),
rort Eustis, Virginia, and was performed by the Boeing Vertol
Company, Philadelphia, Pennsylvania; under contract
DAAJ02-77-C-0069," External Cargo Handling Systems (Snubbed
Load)," during the period from September 1977 through UCtober
1979.

The U.S. Army technical representative was
Mr. Thomas B. Allardice. Contributions of Mr. Allardice and
other Army personnel to this effort are gratefully
acknowledged.

The following Boeing Vertol personnel contributed to the
program:

Mr. B. B. Blake - Manager, Flying Qualities Staff

Mr. T. S. Garnett - Program Manager

Mr. R. F. Campbell - Project Engineer

Mr. D. J. Hodder - Wind Tunnel Project Engineer

Mr. V. Szewczyk - Senior Design Technician

Mr. D. Breger - Flying Qualities Engineer

Mr. F. White - Senior Flying Qualities Engineer

Mr. D. Anastas - Design Engineer

Mr. C. Robinson - Flying Qualities Technician

Mr. L. Simpson - Senior Design Engineer -

Electrical Systems

Mr. P. A. Teare - Senior Dynamics Engineer

Mr. J. McLaughlin - Senior Engineering Technician
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1.0 SUMMARY

1.1 BACKGROUND AND APPROACH

Army cargo and utility helicopters form an important link in

the logistical chain which must deliver supplies and equip-
ment to troops deployed in rapidly moving forward battle
areas (FEBA). In many instances, the tactical application of
helicopter airlift capability is the only practical way to
meet an ever changing battle situation effectively. With
this assigned mission responsibility, it is obvious that
weather, darkness, and the enemy threat are factors which re-
quire careful consideration to ensure successful task accom-
plishment.

Helicopter flight operations near to the FEBA dictate the use

of Nap of the Earth (NOE), Contour, and Low Level terrain
flight techniques (Figure 1.1), in order to counter the so-
phisticated and possibly lethal air defense threat existing
today. Terrain flying with external cargo (which is necessary
in certain battlefield resupply scenerios) requires agile
flight maneuvering close to the ground or shielding provided
by natural obstructions, in order to hide the aircraft from
enemy detection (called masking).

Because of excessive load oscillations characteristic of ex-
ternal cargo suspension systems in use.today, the potential
for restricting helicopter terrain maneuverability, and
flight characteristics at night or in limited visibility/IMC
conditions, exists. In addition, minimum safe flight alti-
tudes with external loads slung beneath the aircraft are some-
what higher than with internal cargo, with the result that
masking effectivity is reduced accordingly.

Contract DAAJ02-76-C-0028 (Reference 1) funded an in-depth
flight simulation study to determine "Limitations of the
CH-47 Helicopter in Performing Terrain Flying with External
Loads". Study results defined and quantified aircraft capa-
bility to successfully perform terrain flight maneuvers
(which is substantial), and at the same time deliniated pro-
blem areas and limitations associated with this type of fly-
ing. Specific maneuvers selected for this evaluation are
shown in the Figure 1.1 sketch, and are grouped into the NOE,
Contour, and Low Level modes chosen for quantitative compari-
sons made during the study.

To overcome limitations identified in the Reference 1 study, a
cargo handling concept, capable of firmly "snubbing" a MILVAN
or Gondola container to the CH-47 aircraft fuselage was pro-
posed as an effective technical approach. By preventing load
motion relative to the airframe, this device restored aircraft
maneuverability typically lost where conventional external
load suspensions were utilized, and provided for vastly im-
proved masking characteristics as well.

13



LOAD ACQUISITION AND DEPOSIT
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Figure 1.1 Terrain Flight Definitions
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This report documents the continued development of the load
snubbing concept into a Preliminary Design and Critical
Item Development Specification (CIDS), under contract
DAAJ02-77-C-0069, "CH-47 External Cargo Handling Systems
(Snubbed Load)" described in Reference 2. The Preliminary
Design layouts and CIDS information presented herein are
applicable to any follow-on detail design effort leading to
fabrication of prototype or production load snubbing systems
for the CH-47D aircraft.

In addition to background requirements defined under the
Reference 1 terrain flying study, the new snub load develop-
mental activity described in this report leans heavily upon
work performed when the Container Lift Adapter-Helicopter
(CLAH) system was designed for the Army in 1976/77 (under
contracts DAAJ02-76-C-0005 and DAAJ02-77-C-O001 - References
3 and 4). The CLAH is intended to serve as a standard inter-
facing device for carrying cargo containers, and will nor-
mally be carried on conventional tandem or single point
suspensions. Use of this adapter facilitates load acquisi-
tion and deposit without the necessity of ground crew
personnel, and requires no pre-rigging of MILVAN or Gondola
payloads.

1.2 PROGRAM GROUND RULES & ORGANIZATION

Contract ground rules establishe-d at the start of the
External Cargo Handling Systems (ECHS) developmental effort
require that the ECHS design shall:

* Be compatible with the CH-47D aircraft

* Be compatible with MILVAN and Gondola

container payloads

e Be capable of snubbing 25,000 lb

e Maximize simplicity

e Require minimum aircraft modification

* Stress low cost and weight

* Consider cargo only - not personnel

In order to best comply with these ground rules, the program
was initially demarcated into three distinct phases of.
activity. A fourth phase was added midway through the pro-
gram to increase confidence in the design concept selected,
as indicated below:

3 e Phase I - Concept Evaluation & Selection
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* Phase II - Preliminary Design

* Phase III - Layout and CIDS Preparation

Added by Contract Amendment:

* Phase IV - Wind Tunnel Tests

A brief review of the results of each program phase is pre-
sented next.

1.3 PHASE I - CONCEPT EVALUATION & SELECTION

The principal objectives of the initial program phase were to
select the best concept for snubbing and attaching loads to
the aircraft, with minimum airframe structural modification
required; to establish whether or not vibration isolation of
the load is necessary for either aircraft safety or crew
comfort; and finally to review existing aircraft hoisting
hardware for potential application in the Phase II/III
Preliminary Design and CIDS preparation.

Concept Selection - Using the load snubbing approach develop-
ed during the Reference 1 Terrain Flying Study as a starting
point, a number of different ways to interface the load and
airframe (in a "snubbed" configuration) were conceived, and
were then evaluated quantitatively to select the best system
for further design development. Early on, it became apparent
that requirements for rapid acquisttilon and deposit of the
load by the CH-47 helicopter (without ground crew assistance)
would dictate major design constraints for the snubbing
system.

Two approaches available for use in load acquisition/deposit
were to: either use a CLAH like adapter framework with guide
arms for mechanically centering and acquiring the load;
or to install an HLH type velocity control mode in the CH-47
Automatic Flight Control System (AFCS) to improve hover
accuracy for precision load acquisition. Although both
approaches had previously been demonstrated to be technically
feasible, the second option was eliminated because of con-
tractural requirements for minimum aircraft modification.

Accordingly, eight concepts for snubbing loads to the air-
craft with various types of adpater mounting/suspension
systems were developed for evaluation. Four of these utiliz-
ed an adapter mounted hoist to raise the load to the snubbed
position beneath the aircraft; whereupon the load was firmly
locked to a vibration isolation system on the airframe, and
the hoist cables slacked off. The remaining four candidates
utilized the hoists in the same manner, but maintained load
on the hoist cables during normal flight.

16



Various isolation springs, bumpers~over center latches etc.
were interposed between the adapter (carrying the load), and
the fuselage to provide a snubbing interface. One system
even used a large flat air bag spring for isolation. System
concepts "locking" the load to the airframe turned out to be
somewhat heavier and more cumbersome than those maintaining
load on the cables; because of redundant structural load
paths required in the airframe for load attachment or
snubbing.

Quantitative (weighted) comparisons of all candidate systems
indicated a strong preference for snubbing the adapter/load
combination against the aircraft landing gear as shown at
the bottom of Figure 1.2. Although this sketch represents
the final preliminary system (CIDS) design, with Phase IV
wind tunnel mods incorporated, it is essentially the "winning"
concept developed under the Phase I parametric concept
selection process.

System Operation - As shown at the top of Figure 1.2, the
adapter is lowered in hover, 10-12 feet below the aircraft
and acquires the load through use of self-centering spring
tube guide arms. Twistlocks at the corner of the adapter
lock the load in place (to the adapter), and the aircraft
lifts the load off of the ground into stabilized hover. A
tandem hoist system installed in the adapter then raises the4 load to snub against the aircraft landing gear (which provide
partial vibration isolation of the load from the airframe).,
Additional vibration isolation springs installed in the hoist
mounts (described later), provide the remaining required
isolation.

For protection from forward or aft suspension failures
(including inadvertant operation of either tandem hook),
a center hook redundant latch system is incorporated into the
ECHS adapter framework. This latch carries no load under
normal system operating conditions, but picks up (and retains)
most of the load if either suspension malfunctions. Should
it become necessary to salvo the load in flight, the normal
CH-47D cargo hook jettison functions are utilized to release
all three hooks simultaneously.

When the snubbed load mission is completed, cargo deposit
on the ground is achieved by reversing operational procedures
executed by the aircrew during load acquisition.

Vibration Isolation - An in-depth analysis of the potential
vibration characteristics of snubbed external payloads indi-
cated that isolation of the load (from the airframe) would
be necessary. Unlike conventional external cargo suspensions
(which have inherent vibration isolation due to the elastic5 characteristics of nylon slinfs), a snubbed load attached to

17
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the aircraft behaves more like an internal cargo configura-
tion. Using the internal load analogy applied in design of
an isolated floor for early model CH-47 aircraft, it was
determined that placement of the snub load principal vertical
and pitch modal frequencies at about 8 Hz, would prevent load
vibratory motion amplification in the critical one and three-
per-rev rotor frequency range.

A scheme to achieve 8 Hz isolation, using a simple non-linear
(but otherwise) conventional steel spring at each hoist
attachment, was devised. The hoist isolation spring acts
in series with the spring rate of airframe backup structure
installed to mount each cargo hook. These two springs, in
turn, operate in parallel with gear oleo bottoming springs,
to form the complete load vibration isolation system. The
non-linear characteristic of the hoist spring maintains con-
stant 8 Hz load frequency, for all cargo payload weights
from 5000 to 25000 lbs.

Hoist System - Parametric evaluations of the hoist system require-
ment in Phase I revealed that tandem hoist configurations were
significantly lighter than comparable single hoist/pulley-
sheave arrangements, for snubbing the load/adapter combination
to the airframe. Hoist electrical power requirements, com-
patible with what is available aboard the CH-47 aircraft (to
power such auxiliary devices), dictated the use of about 5.5
to 6 horsepower motors to drive each hoist drum. Flexible
hoist cable (0.625 inches in diameter) was required to support
the ECHS and cargo payload during design flight maneuvers.
Another cable with 0.70 inch diameter, developed for the HLH
helicopter hoist system (and described in Reference 5) was
determined to be a suitable substitute for the ECHS prototype
system development; and a preliminary hoist layout developed
by Boeing Vertol to solicit vendor hoist design responses
reflected use of the HLH cable.

No suitable existing hoist system hardware was found to be
available which could be used directly in the ECHS develop-
mental effort without extensive, or costly modification.

1.4 PHASE II/III PRELIMINARY DESIGN & LAYOUTS/CIDS
DEVELOPMENT

On the basis of Phase I results which selected the gear-snub-
bing concept for further development, a set of preliminary
design criteria were adopted to guide the remaining design
activities. Principal criteria included the following
requirements for the snubbing system:
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Acquire and snub std 8 x 8 x 20 MILVAN/ISO

CONTAINER/Gondola

* Maximum load - 25,000 lb

* Limit loads - 2g, or those resulting from cri'ti'cal
maneuvers (as defined in strucutral design of the
CH-47D triple hook system)

e Ultimate load factor - 1.5

# Hoists: Max speed 10 ft/min

12 ft cable length (max load)

22 ft cable length (no load)

* Fail-safe suspension - load retained after single
suspension failure

Structural Arrangement - Figure 1.3 presents a sketch of the
ECHS adapter framework developed for snubbing container pay-
loads against the CH-47 landing gear. At the top of the
figure is shown the initial Phase II/III design, with exten-
sions protruding from a central box framework to provide
support for the four landing wheel interfacing pads. Guide
arms for centering the adapter on the load during acquisition
are shown, along with corner twistlocks to attach the load to
the adapter. Guide and twistlock design technology was based
on the earlier CLAH developmental work (References 3 and 4).

At the bottom of Figure 1.3 is the final revised ECHS design;
reflecting modifications resulting from changes made to the
original configuration during the Phase IV wind tunnel test
(discussed later). Principal among the structural revisions
was a widening and thinning of the adapter to conform to the
lateral dimensions of the 8 foot MILVAN load; and a 30 nose-
up increase in positive incidence angle, at which the adapter
is snubbed to the landing gear. These two changes, along
with a rounding of the adapter forward edge, produced a
significant improvement in aerodynamic flow over the snubbed
load.

Subsystem Development - In addition to the adapter framework,
principal ECHS subsystems developed during the Phase II/III
effort included:

* The vibration isolation system

@ The hoist system

* The ECHS electrical power and control systems

20
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All three subsystem elements are illustrated in the Figure
1.4 sketches.

Isolator - At the top of the figure is shown the hoist mount-
ing scheme which provides the non-linear vibration character-
istics determined to be necessary in Phase I. With the 8 to
1 moment arm ratio shown,spring rates required at the cable
(which vary from about 13,000 lb/inch for minimum load, to
ones 200,000 lb/inch when the hoist is loaded to 10,000 lbs)
are reduced at the isolator spring by a factor of 64 (which
is the moment arm ratio squared). This design feature permits
the generation of high spring rates at the suspension cable,
with a relatively light and compact non-linear spring ground-
ed to the adapter structure. Decreasing coil pitch, incorpor-
ated into the constant diameter spring when it is fabricated,
allows individual coils to bottom as the load is increased;
and this in turn raises the stiffness as the spring is
compressed.

Hoist Selection - With the preliminary design concept develop-
ed under Phase I as a guide, proposals for development of a
suitable hoist system were solicited from industry. The
three responses received reflected the work of the Western
Gear Corporation, All American Engineering and the Breeze
Corporation.

The Breeze response (shown at the center of Figure 1.4) best
met requirements for a highly efficient, lightweight system,
which would fit into the envelope restrictions of the ECHS
adapter framework. This device reflected use of an existing
6 horsepower hoist motor, and technology used in o.ther hoists
currently produced by the company. Projected efficiency of
the drive gearing system was superior to others proposed -

and this is a significant fact - since aircraft electrical
power available to power the hoist is limited (especially
when one considers potential installation of sophisticated
additional NAV/COM equipment on the aircraft in the future
to permit effective terrain flying in battle situations).

Electrical System - The electrical system schematic shown at
the bottom of Figure 1.4 reflects all major sub-system
components required for ECHS operation. Aircraft AC and DC
power is used to activate the twistlocks and to power the
hoist systems. A carry on controller is mounted in the air-
craft at the cargo hatch, and an override capability is pro-
vided to the pilots in the cockpit. Operation of this ECHS
controller is normally performed by the aircraft crew chief,
while looking at the load through the cargo hatch. All power
to ECHS adapter subsystems is supplied through a self-
reeling umbilical cable (with breakaway fittings for emergency
jettison).
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An additional interconnect with the aircraft electrical/
AFCS system is also provided. This function disables the
gear - squat switch - AFCS signal (when the load is snubbed),
to prevent AFCS reversion in flight, to its on-ground mode of
operation during maneuvers.

Aircraft Modification Kit - As indicated earlier, the ECHS
adapter concept selected for development requires no struc-
tural modification to the aircraft for system interfacing.
Additions to the helicopter electrical system are:

e Receptacles for ECHS AC power cable attachment

and

* Landing gear squat switch - AFCS signal disable
interconnection

Other ECHS system elements can be removed from the aircraft,
any time load snubbing missions with container payloads are
not being conducted.

System Weights - Estimates of prototype and mature production
ECHS system weights revealed that the snubbing device would
only exceed the weight of the CLAH by 558 to 970 pounds.
This weight delta is more than compensated for, by substan-
tially reduced aerodynamic downloads experienced with the
snubbed configuration (as will be shown in the wind tunnel
results presented later in this section).

The projected prototype ECHS system weight is on the order
of 1870 pounds. With application of composite structural
elements and lightened hoist components (which are well
within state of the art limits), this weight is expected to
decrease to about 1460 pounds for a system designed for
quantity production.

Critical Item Development Specification (ClDS) - A detailed
CIDS has been prepared for the ECHS, and is included as an
Appendix to this report. This specification delineates all
major system (and sub-system) design and performance require-
ments, necessary for detail design implementation leading
to a prototype hardware demonstration of the load snubbing
concept on a CH-47D helicopter.

1.5 PHASE IV - SNUB LOAD WIND TUNNEL TEST RESULTS

Results of Phase IV wind tunnel tests to evaluate aerodynamic
viability of the load snubbing concept are summarized in
Figures 1.5 through 1.9. The principal purpose of this test-
ing, with a 1/8 scale CH-47 drag model, was to determine
whether or not load snubbing causes any aerodynamic problem
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that would invalidate the concept, as a method for future
improvement of terrain and night/IMC flight capability with
external loads.

Wind tunnel data clearly indicated the snubbing concept
to be both sound and technically feasible. In fact, snubbing
MILVAN and Gondola loads on the adapter framework shown in
Figure 1.3 improves overall performance capability, when
compared to conventional load suspension systems employing
the CLAH. Testing was conducted in three phases, and each is
summarized briefly below.

Generalized Load Snubbing Evaluation - Figures 1.5 and 1.6
summarize the principal effects of mounting a MILVAN container
at various distances beneath the fuselage bottom, in order
to determine potential aerodynamic interference relationships
as the load is drawn closer to the airframe in intervals,
ending with the snubbed position. Both figures show a re-
duction in aerodynamic penalty when the load approaches the
fuselage (Figure 1.5 indicates reduced drag in the cruise
angle of attack range of the aircraft, and Figure 1.6 reveals
less download or negative lift). These results were at first
puzzling, since increased drag and download were expected to
go hand and hand with the snubbing process.

What actually occurred was a modification of airflow around
the aircraft ramp; which, in effect, "decambered" the fuse-
lage and substantially reduced its induced drag, as the load
was brought closer and closer to the aircraft lower surface.
Concurrent with improved drag and lift characteristics, was
an improvement in static directional stability (NB) at low
yaw angle, and a neutral pitch stability (Ma) contribution
of the load. These stability characteristics are significant,
since no modification to the aircraft AFCS is required when
carrying loads in the snubbed configuration.

Adapter Aerodynamic Cleanup & Performance Summary - Figure 1.7
reflects a 20 ft/drag improvement achieved during "cleanup"
testing of the Phase III adapter framework sketched at the
top of Figure 1.3. As indicated earlier, widening and chang-
ing the adapter incidence (as shown at the bottom of this
figure) produced this drag reduction with the MILVAN installed.
A 20 ft 2 drag improvement increases normal power speed by
4 to 5 knots, and reduces aircraft power required by about
400 shaft horsepower (both of which are worthwhile when con-
sidered in the context of fleet life cycle fuel costs etc.)

Also shown for comparison in Figure 1.7 are drag results for
a MILVAN supported on a level, eq ual length, 10 foot full
scale simulated sling suspension (just as the model was tested
in the "generalized" snubbing evaluation discussed above).
Flight test experience indicates that in order to achieve
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